A potential bioassay method for nystatin has been developed based on the ability of this antibiotic to bring out dose-related potassium ion efflux from susceptible cells of Saccharomyces cerevisiae, such extracellular potassium ion concentration being measured by flame photometry.
Although many antibiotic bioassays have now been developed to give creditable precision and accuracy, better than ±5% for 95% confidence range for some plate diffusion assays, such assays have always been subject to socalled biological variation. Such variation, however, alleviated by sophisticated design and statistical treatment, is considered to be inherent in such systems due to the complex events between the initial binding of an antibiotic to its specific cellular target and the response measured as inhibition of growth. It is suggested that if this chain of events can be circumvented and a more direct response measured, such variation should be minimized.
Specific assays have been developed for certain aminoglycoside antibiotics, for example the enzymatic adenylation of gentamicin (2), for which a rapid assay is desirable for monitoring drug concentrations in serum during therapy. However, the enzymes used for such assays are not the specific cellular targets for antibiotic action.
The work reported here concerns a potential method for the rapid assay of nystatin based on the nystatin-induced leakage of potassium ions from susceptible cells of Saccharomyces cerevisiae. Nystatin has been reported, along with other polyenic antifungal antibiotics, to bind specifically to sterol components in yeast membranes, causing permeability alterations and the resulting efflux of certain ions, including NH4+ and K+, and, depending on the dose and resulting membrane disorganization, smallmolecular-weight metabolites (1) . This leakage of K+ ions has been found to be dose related with respect to antibiotic concentration and can be monitored simply by flame photometry. A similar approach has been reported in which ionic changes in the medium are monitored by conductivity measurements (D. M. Isaacson and T. B. Platt, Bacteriol. Proc., P. 1, 1968) .
The measured response of this specific assay is the direct effect of nystatin-membrane interaction. Additionally, the assay is simple and rapid and can be easily adapted to enable sophisticated statistical treatment of results.
MATERIALS AND METHODS
The test strain ofS. cerevisiae was cultured for 18 h at 34 C, at 120 rpm on a Gallenkamp orbital shaker incubator, in medium with the following (in grams per liter): 1-glucose, 10; yeast extract, 5; vitamin-free Casamino Acids (Difco), 5; KH2PO4, 4; K2H P04, 1, in 100 ml per 1-liter conical flask. The cells were harvested by centrifugation, washed twice with glass-distilled water, and adjusted to a cell density equivalent to an absorbance of 1.0 at 600 nim for a 0.1 dilution (1-cm cell). Nystatin (E. R. Squibb and Sons Ltd., commodity code 7741, labeled potency 4,910 IU/mg) was dissolved in methanol to give a stock concentration of 1,000 IU/ml and further diluted in methanol to give 500, 400, 300, 200, and 100 IU/ml. Samples (0.2 ml) of these dilutions and a blank comprising ethanol alone were added to 1.8-ml aliquots of the cell suspension in plastic tubes of 2.5-ml nominal capacity and incubated at 34 C for 1 h, with occasional inversion to avoid sedimentation of the cells. After incubation, the tubes were centrifuged and the resulting supernatants were assayed for K+, using an EEL Mark II flame photometer. A calibration curve was previously obtained for 0 to 200 ,ug of K+ per ml. For each dose and blank, eight replicate tubes were set up. Table 1 shows the individual responses, measured as concentrations of K+ in the cell suspension supernatants, means, and standard deviations.
RESULTS AND DISCUSSION
Below 40 IU/ml the response varied with the logarithm of the dose; above this dose no in- crease in response was obtained. This is considered to be the result of equilibrium conditions, with respect to intra-and extracellular K+ concentration, being obtained. Figure 1 shows the arithmetic dose response curve. It is suggested that the sensitivity of the assay system could be considerably improved by reducing the cell density of the test suspension, since flame photometry is capable of assessing up to two orders of magnitude lower K+ concentration than was measured in the reported experiment.
The work reported here could form the basis of a rapid bioassay method for nystatin, and possibly other polyene antifungal antibiotics, with regard to the development of experimental detail and statistical treatment.
